and woody climbers. They are distributed worldwide, but are most common in the temperate and cold regions of the Northern Hemisphere. Many genera such as Aconitum, Delphinium, Helleborus, and Trollius are well-known cultivated ornamentals; however, most of them are highly poisonous 12 . Some species e.g., Cimicifuga racemosa, Hydrastis canadensis, and Nigella sativa are used as herbal medicines and spices 2 . From a chemotaxonomic point of view, the species belonging to the buttercup family mainly comprise isoquinoline and diterpenoid alkaloids and the glycosides of various triterpenes and steroids e.g., triterpenoid saponins, cardenolides, and bufadienolides . Protoanemonin, a lactone, is also very common in some genera 13, 14 .
The edible wild plant Ranunculus nipponicus var. submersus Baikamo in Japanese belongs to the Ranunculaceae family and grows only in Japan. In recent years, the stem and leaves of this plant have been consumed as food Abstract: Ranunculus nipponicus var. submersus is an aquatic macrophyte; it is known as a wild edible plant in Japan for a long time. In this study, the essential oils from the fresh and dried aerial parts of R. nipponicus var. submersus were extracted by hydrodistillation and analyzed by gas chromatography (GC) and GC-mass spectrometry (GC-MS). Moreover, important aroma-active compounds were also detected in the oil using GC-olfactometry (GC-O) and aroma extract dilution analysis (AEDA). Thus, 98 compounds (accounting for 93.86%) of the oil were identified. The major compounds in fresh plant oil were phytol (41.94%), heptadecane (5.92%), and geranyl propionate (5.76%), while those of. Dried plant oil were β-ionone (23.54%), 2-hexenal (8.75%), and dihydrobovolide (4.81%). The fresh and dried oils had the greenfloral and citrus-floral odor, respectively. The GC-O and AEDA results show that phenylacetaldehyde (green, floral odor, FD-factor = 8) and β-ionone (violet-floral odor, FD-factor = 8) were the most characteristic odor compounds of the fresh oils. β-Cyclocitral (citrus odor, FD-factor = 64) and β-ionone (violet-floral odor, FD-factor = 64) were the most characteristic odor compounds of the dried oil. These compounds are thought to contribute to the flavor of R. nipponicus var. submersus. Despite the importance of the plant its volatile compounds and characteristic aroma-active compounds have been rarely identified. For flavor analysis, gas chromatography-olfactmetry GC-O is the most widely used technique for the identification of the key aroma compounds of food. Various methods are available for screening the characteristic odor compounds. One of the most frequently used methods is aroma extract dilution analysis AEDA . The contribution of each odorant to the characteristic flavor can be determined by the odor activity value OAV . The OAV is the ratio of the concentration of a compound to its odor threshold; compounds with a high OAV contribute more to the aroma of food 16 . This study aims to investigate the characteristic odor components of R. nipponicus var. submersus by a sensory evaluation and their OAVs.
EXPERIMENTAL 2.1 Plant material
The samples of R. nipponicus var. submersus were harvested in May 2013. The cultivated plants were obtained from the Shiga prefecture in Japan. The collected plants were dried under the shade at room temperature for 72 h. A voucher specimen was deposited at the biotechnology laboratory of Kinki University Kindai University , Osaka, Japan.
Isolation of the essential oils
The essential oils were isolated by the hydrodistillation of the aerial parts of the fresh plants fresh oil, 200 g and dried plants dried oil, 200 g of R. nipponicus var. submersus for 3 h using a Likens-Nickerson-type apparatus, and diethyl ether as the solvent to yield 0.01 and 0.28 of greenish oils, respectively. The oils were then dried over anhydrous sodium sulfate. Finally, the oils were stored in sealed sample tubes at 4 in a freezer prior to analysis.
Gas chromatography-mass spectrometry GC-MS
The oil samples were analyzed using an Agilent Technologies 6890 gas chromatograph coupled to an Agilent Technologies 5973 mass selective detector. The GC conditions were as follows: An HP-5MS capillary column 5 phenyl and 95 polydimethylsiloxane, 30 m 0.25 mm i.d., and film thickness 0.25 mm and a DB-WAX column 100 polyethylene glycol 15 m 0.25 mm i.d., and film thickness 0.25 mm ; column temperature; 40-260 ; run time: 5 min. He was used as the carrier gas at a flow rate of 1.5 mL/min. The injector and detector temperatures were 270 and 280 , respectively. The ionization voltage was 70 eV, and the split ratio was 1:40. One μL aliquot of the oil was injected for each sample.
Gas chromatography-Olfactometry GC-O
The GC-O of the samples was performed using the same Agilent Technologies 6890/5973 system described above. The GC of the samples was performed using the same capillary column described above, under the same chromatographic conditions.
Aroma extract dilution analysis AEDA
The result was expressed as the flavor dilution FD -factor, which is the ratio of the concentration of the odorant in the initial volatile oil to its concentration in the most diluted volatile oil in which the odor can be still detected by GC-O. The highest sample concentration 10 mg/ mL was assigned a flavor dilution FD -factor of one. The essential oil was diluted stepwise with diethyl ether 1:1, v/ v , and 1 mL aliquots of the dilutions were evaluated. Ten trained panelists sniffed the aromas isolated by GC-O on the capillary HP-5MS column. The result was expressed as the FD-factor, which is the ratio of concentration of the odorant in the initial essential oil to its concentration in the most diluted essential oil whose the odor is still detectable by GC-O. On the basis of the AEDA result, the odor activity value OAV was calculated.
Identi cation and quanti cation of volatile compounds
The individual compounds of the oils were identified as follows: i By comparing their GC-MS retention indices RIs on apolar and polar columns, determined relative to the RIs of a series of n-alkanes C 6 -C 29 , with those of authentic compounds; ii by matching their spectra with commercial mass spectral libraries and literature data 10, 17-24 ; iii by comparing the calculated RIs with the average RIs from the literature, the Aroma Office database ver. 3.0 Nishikawa Keisoku Co. Ltd., Tokyo, Japan . This database ver. 3.0 includes 72,120 entries of the RIs of aroma compounds and literature sources.
Chemical Compounds of Essential Oil from Ranunculus nipponicus var. submersus

RESULTS AND DISCUSSION
3.1 Constituents of the volatile oil obtained from R. nipponicus var. submersus The yields of the essential oils collected from fresh and dried R. nipponicus var. submersus by the hydrodistillation method were 0.01 and 0.28 w/w , respectively. The fresh oil had a green-floral odor, whereas the dried oil had a citrus-floral odor. The GC chromatograms of these oils showed the presence of 98 compounds Table 1 ; 46 and 85 compounds were identified in the fresh and dried oils of R. nipponicus var. submersus, accounting for 97.0 and 92.5 of the total compounds, respectively. The classification of the oils based on the structure type is shown in Fig. 1 . Distinct differences were observed in the Table 1 Compounds of the essential oils from R. nipponicus var. submersus.
qualitative and quantitative analyses of the oils.
Diverse alcohols and hydrocarbons were identified, with relatively higher contents in the fresh oil. A relatively high percentage of ketones and aldehydes were identified in the dried oil. Moreover, carboxylic acids and ethers were identified in only the fresh oil. Thus, it can be inferred that the hydrocarbons and alcohols in fresh oil were oxidized in air to the corresponding aldehydes and ketones during drying.
The Fresh oil from R. nipponicus var. submersus contained 45.2 alcohols, 26.8 hydrocarbons, and 4.6 Table 1 Continued.
ketones. The major constituents were phytol 87, 41.94 , followed by heptadecane 63, 5.92
and geranyl propionate 70, 5.76
The dried oil from R. nipponicus var. submersus contained 34.6 ketones, 19.5 aldehydes, and 15.1 alcohols. The major constituents were β-ionone 47, 23.54 , followed by 2-hexenal 1, 8.75
and dihydrobovolide 49, 4.81 .
The content of hydrocarbons and alcohols in the fresh oil was more than twice of that in the dried oil. On the other hand, the content of aldehydes, ketones, esters, and alkaloids in the dried oil was more than four times of that in the fresh oil.
Protoanemonin 2 which is characteristic component of the Ranunculaceae family, was detected in the oils. Decyloxirane 56 and tetradecyloxirane 65 were detected in the Ranunculaceae family for the first time. These compounds have been identified as the characteristic components of only three families: Taxaceae 25 , Myrtaceae 26 , and Asteraceae 27, 28 .
GC-O, AEDA and OAV analyses
The aroma-active compounds of the essential oils from R. nipponicus var. submersus were evaluated by GC-O and AEDA. The compounds were identified by comparing their retention times with those of authentic samples. The composition of the aroma-active compounds detected in the oils and their aroma properties are shown in Table 2 . Phenylacetaldehyde 9 and β-ionone 47 were the most intense aroma-active compounds of the fresh oil, with FDfactors of 8. These compounds were identified as the key components contributing to the aroma of the fresh oil. β-Cyclocitral 27 , β-ionone 47 , and phenylacetaldehyde 9 were the most intense aroma-active compounds of the dried oil, with FD-factors of 64, 64, and 32, respectively. β-Cyclocitral 27 and phenylacetaldehyde 9 were identified as the key components contributing to the aroma of the dried oil. The aliphatic aldehydes in the oils played important roles in producing the green odor; in particular, 2-hexenal 1 , nonanal 14 , and decanal 26 exhibited a green odor. These compounds are suggested to be the characteristic aroma compounds of the essential oil obtained from the aerial parts of R. nipponicus var. submersus. A comparison of the GC chromatogram and the corresponding FD chromatogram of the odor-contributing compounds is shown in Fig. 2 .
The relative contribution of each of the compounds to the aroma of R. nipponicus var. submersus was determined by the OAV of the compounds by considering the concentration and odor threshold of each compound. The results are shown in Table 2 . In the fresh oil, β-ionone 47 had the highest OAV 13143 , followed by phenylacetaldehyde 9; 5908 and 4-vinylguaiacol 33; 4566 . In particular, β-ionone 47 and phenylacetaldehyde 9 had high FD-fac- Fig. 1 Classification of the compounds of essential oils from R. nipponicus var. submersus. Table 2 Aroma-active compounds in essential oils from R. nipponicus var. submersus.
tors; thus, they were considered as the main aroma-active compounds of the fresh oil. In the dried oil, β-cyclocitral 27 had the highest OAV 217430 , followed by β-ionone 47; 205785 and β-damascenone 37; 23649 . In particular β-cyclocitral 27 , nonanal 14 , and decanal 26 had high FD-factors; thus, they were considered as the main aromaactive compounds of the dried oil.
In conclusion, the major compounds of the essential oil obtained from the fresh plants of R. nipponicus var. . Moreover, decyloxirane 56 and tetradecyloxirane 65 were detected as the characteristic compounds of the essential oil from R. nipponicus var. submersus. Based on the AEDA, OAV, and sensory evaluations, phenylacetaldehyde 9 and β-ionone 47 were estimated to be the main aroma-active compounds of the fresh oil, and β-cyclocitral 27 , nonanal 14 and decanal 26 were estimated to be the main aroma-active compounds of the dried oil. We believe that these results can be used in the future investigations of food and medicinal plants.
